Previously, apatite of marine phosphorites was thought to precipitate directly from nutrient-rich, upwelling waters onto the sea bottom. Modern opinion predominantly favors the belief that apatite diagenetically replaces carbonate fragments or nucleates and precipitates from interstitial waters within the organic-rich sediments and that phosphorus for apatite is supplied from the decomposition of organic matter in reducing environments (Baturin, 1972; Calvert, 1976; Price, 1976; Burnett, 1977; Manheim and Gulbrandsen, 1979) .
Evidence supporting the modern opinion includes the high concentration of dissolved phosphate in interstitial waters in the organic-rich shelf-sediments, up to 100 times higher than the bottom water (Bushinskii, 1966; Baturin, 1972) , and the discoveries of phosphatized Recent foraminifera and contemporary formation of apatite within sediments in the inner shelves off Chile and Peru (Manheim and others, 1975; Burnett, 1977) and southwest Africa (Baturin, 1970; Parker and Siessen, 1972; Price and Calvert, 1978) .
The isotopic composition of sulfur and carbon in phosphorites can yield additional information on the environments and processes of phosphorite formation. However, only a few studies on sulfur and carbon isotopes of phosphorites have been made thus far. Kolodny and Kaplan (1970) and Al-Bassam (1980) Nathan and Nielsen (1980) believe that the high concentration of 34 £ S in phosphorites is caused by bacterial reduction of sulfate in interstitial waters.
In this report we present additional data on the isotope composition of Permian phosphorites from Idaho and compare them with the published data in the hope of advancing our knowledge of the environments and processes of phosphorite formation. Oberlindacher and Hovland (1979) (Sakai and others, 1978; Ueda and Sakai, 1983) developed for simultaneous analysis of sulfate-sulfur, sulfide-sulfur, and carbonate-carbon in geological materials.
Powdered samples are decomposed in vacuum at 280°C by phosphoric acid containing Sn++ ions. Sulfate-sulfur is extracted as SO-, sulfide-sulfur as H_S, and carbonate-carbon as CO-. The gases are then purified by successive vacuum distillation. H_S is converted to SO-. The sulfur and carbon isotope ratios in the SO-and CO-are then determined mass-spectrometrically. No appreciable amount of sulfide sulfur exists in the phosphorites ( Table 2 ). The sulfate and carbonate concentrations determined using the "Kiba solution" compare well with those using standard chemical methods within the error of analysis ( Table 2) .
Composition of Apatite
The composition of carbonate-fluorapatite that constitutes sedimentary phosphate deposits has not been well established, partly due to the difficulty in obtaining pure samples of the apatite, which is usually a micron-size fine McClellan and Lehr (1969) consider sulfate substitution too small to be significant. Price and Calvert (1978) also question sulfate substitution in apatite of Recent phosphorites from the Namibian Shelf off southwest Africa.
On the other hand, Gulbrandsen (1966) finds Na: S atomic ratio of 1:1 in phosphorites of the Phosphoria Formations and suggests the coupled substitution, Na + SO, Ca + PO. , and a S0 0 content of 0.3 to 3.1 '4 43 percent in the apatite. Bliskovskiy and others (1977) report a SO-content as high as 3.8 percent in Eocene apatite and suggest a high paleosalinity of the water. McArthur (1978) claims that all sea-floor apatites have a constant composition of 2.9 percent SO, upon precipitation and that weathering reduces the "impurities," SO,, C0~, Na and Sr, toward the pure fluorapatite composition. This view conflicts with Gulbrandsen's (1970) suggestion that the composition of carbonate-fluorapatite, particularly the CO-content, reflects the temperatures of deposition. Gulbrandsen and Krier (1980) have shown, from the study of underground and surface samples of phosphate rocks, that weathering dissolves and leaches out carbonates (dolomite and calcite) and organic matter from phosphate rocks; weathering does not affect the composition of apatite.
We propose here that SO, is a significant substitution for PO, in the apatite of the Retort Phosphatic Shale Member in the Hawley Creek area. The compositions of 9 phosphorites shown in Table 1 were used to calculate the average composition of the carbonate-fluorapatite. First, the mineral composition of the phosphorites was calculated from the chemical analysis.
We modified and used here Gulbrandsen's (1960) (Holser and Kaplan, 1966; Claypool and others, 1980) (Nathan and Nielsen, 1980) . The enrichment of the heavy sulfur isotope in phosphorites is caused by bacterial reduction of sulfate in interstitial waters of sediments, as postulated by Nathan and Nielsen (1980) . Carbonate-fluorapatite diagenetically precipitates or replaces carbonate fragments within the organic-rich sediments on a shelf, embayment or basin of high biologic productivity.
The decomposition of organic matter progresses effectively by dissimilatory sulfate reduction by sulfate-reducing bacteria under anaerobic conditions (Goldhaber and Kaplan, 1974) . The generalized reaction describing the decomposition of organisms may be written (Filipek and Owen, 1980 Table 2 ).
The depletion of sulfate in the reservoir by bacterial reduction is correlated with the sulfur isotope composition of apatite, as noted by Nathan and Nielsen (1980) . As the sulfate reduction progresses, the total sulfate in the 34 reservoir decreases and at the same time becomes S S-enriched. Thus, apatite precipitated at equilibrium with the reservoir in a closed system must 34 retain the SO, content and S S value reflecting the condition of the 34 reservoir; apatite containing more SO, has less 8 S, and vice versa.
Increasing S 34 S with decreasing 804 in apatite can be described by the Rayleigh distillation equation (Goldhaber and Kaplan, 1974, p.632 Thus, equation (4) becomes:
In R sample = In R standard -S 34 S (5) 1000
Substituting equation (5) in equation (2), we obtain: S34 S t = S34 S0 -1000 (1 -_!) In £t (6) <x_ Co or S34 S t = S 34 S0 -2302.6 (1-I) log £L (7) Co 34 Equation (7) Figure 2 , the Retort appears to have undergone a greater kinetic fractionation (fractionation factor oC= 1.022, line (1)) than the Meade Peak (fractionation factor oC= 1.008, line (2)). On the average, the Retort contains 1.07 percent SO., and the Meade Peak 2.17 percent SOo (Gulbrandsen, 1966) . The different SO^ content suggests that the two members were deposited in environments of different salinity. The difference in the kinetic isotope effect may be due to different depth and temperature of deposition, different species of a bacteria involved, or some unknown factors. The isotopic variation within the Retort Member of the Hawley Creek area suggests that the extent of bacterial sulfate reduction was variable locally, for example, from one bed to another. The $ C values of carbonates from 5 Retort phosphorites range from -9.1 to -6.6 and averages -8.5 /oo. The ratio is intermediate between the values for Permian inorganic carbonate (S C =+ 2.00 + 0.16 /oo, Veizer and others, 1980) and Permian organic carbon (S C = -26 /oo, Degens, 1969) .
Carbonate in the phosphorite is mostly in apatite (the dolomite and calcite content averages 5.4 percent in the analyzed samples). The light-carbon enrichment in phosphorites indicates that carbonate in apatite was not entirely from the entrapped sea water within sediments but also from the gJ-3 -depleted biogenic bicarbonate released by the organic decomposition.
The interstitial water of sediments becomes a "closed system" reservoir and exchanges no material with the overlying sea water, as burial increases with sediment accumulation. The decomposition of organic matter by sulfate reducing bacteria releases bicarbonate enriched in light carbon into the 13 reservoir. Thus, the entrapped original sea water with the normal S C value becomes increasingly contaminated with biogenic carbonate. The carbon isotope ratio in phosphorites must reflect the state of the contaminated reservoir. Increasing bacterial sulfate reduction increases the amount of heavy sulfur and at the same time increases light carbon in precipitating apatite. This hypothesis could be tested if the carbon isotope ratios in Meade Peak phosphorites were known. Murata and others (1972) phosphorites, 8 C = -2 to -3 /oo in limestone). The differences in 13 S C must reflect the diagenetic environment of different microbiologic activities. Kolodny and Kaplan (1970) report that apatite has more light carbon than coexisting calcite in many phosphorites from offshore as well as onshore environments and consider that the difference was caused by isotope fractionation (removal of light carbon) of primary calcite with increasing phosphatization of limestone. In this view, apatite can accommodate more light carbon than coexisting calcite, due to some crystal-structural difference. 
